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In a world where biodiversity and ecosystem services are at high risk, business as usual is no longer an 1 

option. Transforming the way societies manage natural resources is urgently needed, but requires a 2 

better understanding of how ecological and socio-ecological systems respond to change and human 3 

intervention. Ecological modelling must therefore aim to predict the response to change and address 4 

multiple scales of time, space and organisation relevant to management. This special issue follows the 5 

9th European Conference on Ecological Modelling in Leipzig, Germany (ECEM 2023) and includes 6 

contributions that directly or indirectly support transformation and change.  7 

ECEM 2023 continues a series of conferences initiated by the European Chapter of the International 8 

Society for Ecological Modelling (ISEM). The conference took place in September 2023 at the Helmholtz 9 

Centre for Environmental Research - UFZ in Leipzig, Germany, and was organised by the Department 10 

of Ecological Modelling. It was attended by 350 participants from 28 countries. Given the lack of such 11 

meetings due to the COVID pandemic, they all agreed that such face-to-face meetings are essential to 12 

be inspired and to inspire others, to meet new colleagues and to develop new ideas and plans.  13 

This special issue of Ecological Modelling brings together a diverse array of contributions that advance 14 

our understanding of complex ecological processes through innovative modelling approaches. The 15 

studies span a wide range of topics - from forest dynamics to socio-ecological modelling, predictive 16 

species distribution and ecotoxicological assessments, marine and coastal ecosystem dynamics, as well 17 

as agricultural landscapes and grassland management. Together, these articles offer novel insights into 18 

ecosystem resilience, the interplay between environmental stressors and human management, and 19 

the methodological advances needed to address today's ecological challenges. In doing so, these 20 

contributions help us to make ecological modelling fit for supporting transformation. Interestingly, 21 

only one paper mentions 'theory' in its title, reminding us that while it is important to model specific 22 

systems and questions, ecological modelling also needs to help in developing and testing theories and 23 

general concepts. 24 
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 25 

Figure 1. Ecological modelling is supporting transformation as many ecosystems and their 26 

management must adapt to ongoing change. Word cloud created from all contributions to this Special 27 

Issue ‘Ecological Modelling for Transformation’ (created with www.wordclouds.com). Background 28 

image with a diverse landscape was generated with DALL-E from OpenAI. 29 

 30 

In the following we briefly summarize the 23 contributions to the special issue (Table 1), which we 31 

grouped into four broad categories.  32 

Investigate land use dynamics with agent-based modelling in socio-ecological systems 33 

This category summarises work that uses agent-based models or virtual ecosystem approaches to 34 

investigate land use and environmental dynamics. This includes contributions that model patch 35 

dynamics, land use decisions or complex adaptive socio-ecological systems. 36 

Curk et al. (2025). The study examines the advantages and disadvantages of using social information 37 

for carcass detection in white-backed vultures in Namibia through an agent-based model simulating 38 

three foraging strategies: non-social searching, local enhancement, and vulture chains. The results 39 

indicate that social foraging strategies are generally more efficient than non-social searching, with 40 

vulture chains being particularly beneficial at high vulture densities. 41 

Ewers et al. (2024). This paper argues for the need to develop holistic ecosystem models that integrate 42 

biotic processes with abiotic drivers such as temperature and hydrology to predict emergent 43 

phenomena. The proposed Virtual Ecosystem framework aims to reconcile diverse ecological 44 

perspectives by simulating organismal physiology, energy and nutrient cycles, and spatial processes at 45 

multiple scales. 46 

Ferraro et al. (2024). This study uses an agent-based model to simulate land use dynamics in the 47 

Pampas region of Argentina under different economic and climatic scenarios. It reveals how crop price 48 

relationships and climate variability shape agricultural decisions and environmental outcomes. 49 

Letschert et al. (2025). To simulate fishing dynamics in the southern North Sea, this study presents an 50 

agent-based model that integrates empirical data with behavioural theory. The model captures 51 

fishermen's multifaceted decision making - including risk aversion, habitual behaviour and social 52 

influences - to assess the impact of offshore wind farm expansion and rising fuel prices on fishery 53 

performance. 54 
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Wang et al. (2025). This study presents an agent-based model that simulates the interactions between 55 

fire and grazing on a hypothetical 4000-ha ranch, thereby capturing the spatiotemporal dynamics of 56 

woody plant encroachment, forage production, and cattle performance in a savanna-type ecosystem. 57 

The model explores how different adaptive management strategies—via adjustments in stocking rates 58 

and prescribed fire thresholds—can influence long-term ranch ecological condition and economic 59 

outputs. 60 

Agricultural landscapes and grasslands in transformation 61 

This category includes contributions that deal with the ecological, economic and land use-related 62 

dynamics in agricultural landscapes and grasslands. The focus is on individual-based models and 63 

theoretical approaches that analyse the interactions between management decisions, disturbances 64 

and the resulting ecological processes. 65 

Crispim-Mendes et al. (2024). This study employs an individual-based demographic model to examine 66 

how variations in patch size, internal quality, connectivity, and patch lifespan influence local 67 

population dynamics in ephemeral habitats. Results indicate that higher patch quality and longer 68 

lifespans enhance the likelihood of a patch becoming a temporary source. 69 

Marques et al. (2024). This paper presents an individual-based model that quantifies the impacts of 70 

anthropogenic mortality on territorial predators (i.e., electrocution by power lines), using Bonelli’s 71 

eagle as a case study. It differentiates between territorial and non-territorial individuals to assess how 72 

spatial patterns of additional mortality affect overall population dynamics. 73 

Nothaaß and Huth (2025). The study analyzes how the sudden extinction of a species alters the 74 

equilibrium abundances in a spatial competition model and reshapes the overall community 75 

composition in grassland ecosystems. It compares geometric and exponential rank-abundance 76 

scenarios to illustrate the cascading effects of extinction on inferior competitors. 77 

Ogawa et al. (2024). The study examines how farmland birds adjust their habitat selection relative to 78 

the availability of different land-use types—both those under agri-environment schemes and 79 

conventional land uses—using hierarchical distance sampling and mixed-effects modelling. Results 80 

indicate that birds tend to show negative functional responses (i.e. reduced selection) for certain 81 

habitats as those habitats become more widely available, suggesting that habitat availability is a key 82 

driver of observed occurrence patterns. 83 

Modelling forest dynamics and their management in a changing world 84 

Contributions in this category deal with growth processes, drought and other stress effects on forested 85 

landscapes. Tree mortality and economic-ecological optimisation of forest management seem to be of 86 

interest for many studies. 87 

Anders et al. (2025). This paper develops logistic regression models for drought-related mortality of 88 

Norway spruce, calibrated with historical mortality data from German forest surveys, and integrates 89 

these data-driven models into a dynamic vegetation model. Future climate simulations predict periodic 90 

spikes in mortality that could substantially reduce aboveground biomass and potential wood harvest, 91 

highlighting a severe risk for spruce forest dieback. 92 

Axer et al. (2025). The paper introduces a quantile regression approach implemented in the R package 93 

quaxnat to estimate the potential natural regeneration density of Douglas-fir as a function of distance 94 
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to seed source using various dispersal kernels. This method is applied to extensive forest inventory 95 

data to inform management and conservation strategies. 96 

Boyce et al. (2025). The paper investigates oak regeneration by comparing different sizes of small-97 

scale clearings and uses a demographic forest model based on the Perfect Plasticity Approximation to 98 

simulate long-term overstory dynamics. It provides management insights by estimating the annual 99 

planting rate needed to achieve a target oak overstory cover in the Leipzig Floodplain Forest. 100 

Elles et al. (2025). This study employs the Perfect Plasticity Approximation to simulate long-term 101 

changes in species composition in the Leipzig Floodplain Forest under different groundwater 102 

conditions. The model projects that simply raising groundwater levels may not suffice to conserve key 103 

floodplain species, highlighting the need for integrated management measures. 104 

Holtmann et al. (2024). The study investigates the impact of multi-year droughts on German forests, 105 

focusing on tree mortality, biomass loss, and productivity decline using an individual-based forest 106 

growth model. The results indicate that prolonged droughts significantly reduce gross primary 107 

production and aboveground biomass, with monocultures and even-aged forests being more 108 

vulnerable than mixed and uneven-aged forests. 109 

Rammer et al. (2024). This overview paper synthesizes 12 years of development of the iLand model, 110 

which simulates forest dynamics at the individual-tree level across heterogeneous landscapes. It 111 

details how iLand integrates processes such as growth, mortality, regeneration, and disturbances to 112 

project forest trajectories under changing conditions. 113 

Scheiter et al. (2024). This work employs a trait-based dynamic vegetation model to simulate drought 114 

impacts on biomass, mortality, and recovery in tropical savannas and forests under future climate 115 

scenarios. It examines how hydraulic traits and demographic responses drive resilience and adaptation 116 

during and after prolonged drought periods. 117 

Schorn et al. (2025). This study introduces a novel ecological-economic optimization framework that 118 

couples the Perfect Plasticity Approximation demographic forest model with a bioeconomic module to 119 

simulate forest dynamics and optimize timber harvesting strategies while conserving biodiversity. 120 

Using repeated inventory data from a beech-dominated forest in Thuringia, Germany, the model 121 

quantifies the trade-offs between maximizing economic returns and retaining large habitat trees. 122 

Verbeeck et al. (2024). This paper reviews the challenges of representing lianas in vegetation models 123 

and proposes a conceptual framework for defining a liana plant functional type based on key 124 

morphological and physiological traits. It discusses potential implementation strategies and data 125 

requirements to improve liana representation in ecosystem simulations. 126 

Wimmler and Berger (2024). This study introduces pyNET - an agent-based model built on the 127 

pyMANGA platform - to explore the emergence and structure of root graft networks among trees. It 128 

examines how costs of graft formation, resource redistribution, and individual tree characteristics 129 

drive network properties such as group size and connectivity. 130 

Predictive modelling approaches in marine, coastal and fisheries systems 131 

This thematic block brings together contributions that deal with the dynamics of marine and coastal 132 

ecosystems as well as work that addresses behavioural ecology aspects. This includes contributions 133 



 
 

5 
 

that focus on the prediction of species distributions and the transferability of models as well as those 134 

that present models and sensitivity analyses for environmental and chemical risk assessments. 135 

Guisnet et al. (2025). This study conducts a comprehensive global sensitivity analysis - using both 136 

Morris screening and Sobol variance-based methods - on a mechanistic toxicokinetic/toxicodynamic 137 

model for Lemna to determine which parameters most affect biomass and growth rate responses 138 

under different exposure scenarios. The findings help prioritize key physiological and 139 

toxicokinetic/toxicodynamic parameters to improve model predictions for pesticide impacts. 140 

Mangold-Döring et al. (2024). This paper investigates the impact of incorporating temperature 141 

corrections into toxicity parameters within an individual-based model that combines a dynamic energy 142 

budget framework with toxicokinetic-toxicodynamic models. By combining these approaches with a 143 

temperature-corrected version, the study shows that applying temperature corrections can 144 

significantly alter population dynamics under varying exposure scenarios. 145 

Muller et al. (2024). This paper presents a hybrid modelling framework that couples a coastal 146 

hydrodynamic model with machine learning to predict the seasonal dynamics of intertidal seagrass. It 147 

shows how local environmental conditions, such as light availability, and physical stressors, such as 148 

shear stress, control seagrass growth and spatial variability in Arcachon Bay, France. 149 

Peters et al. (2025). This study introduces a mechanistic eco-hydrological model that simulates soil 150 

water dynamics to predict soil moisture and salinity in tropical saltmarshes. By applying the model to 151 

a site in Brazil, the authors demonstrate how variations in tidal flooding and precipitation drive 152 

seasonal patterns of drought and salt stress, which in turn explain the observed vegetation zonation. 153 

Takolander et al. (2025). This study evaluates the geographic transferability of species distribution 154 

models by testing four modelling methods when extrapolating from a brackish marine system to a 155 

freshwater lake in Finland. The authors demonstrate that species-specific traits and prevalence play a 156 

far more critical role in transferability than the choice of modelling algorithm. 157 

 158 

Table 1. Overview of all contributions to the Special Issue. For each article, we have listed the key 159 

question, the ecosystem and the model type. 160 

Study Title Scientific Key Question Ecosystem Model type 
Anders et al. 
(2025) 

Modelling Past and Future 
Impacts of Droughts on Tree 
Mortality and Carbon Storage in 
Norway Spruce Stands in 
Germany 

Which climatic and weather-
related factors best predict 
drought-induced Norway spruce 
mortality, and how will future 
climate scenarios affect forest 
biomass and carbon storage? 

Norway 
spruce- 
forests in 
Germany 

Dynamic global 
vegetation model 
augmented with 
logistic regression 
models 

Axer et al. 
(2025) 

Quantile regression for 
estimating Douglas-fir natural 
regeneration potential using the 
R package quaxnat: Advanced 
ecological modeling for the 
management of nature 
conservation and silviculture 

How does the distance to seed 
sources influence Douglas-fir 
natural regeneration, and which 
dispersal kernel best captures 
this relationship? 

Forest 
ecosystems 
in Germany 

Quantile 
regression model 
and spatial 
dispersal kernels 

Boyce et al. 
(2025) 

How can oak regeneration in the 
Leipzig Floodplain Forest be 
effectively supported by femel 

Can small-scale femel 
plantations effectively promote 
oak regeneration, and what 

Temperate 
floodplain 

Demographic 
forest model 
using the Perfect 
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plantations? Application of a 
demographic forest model 

planting intensity is required to 
maintain a certain oak overstory 
cover? 

forest in 
Germany 

Plasticity 
Approximation 

Crispim-
Mendes et al. 
(2024) 

Patch spatial attributes and time 
to disturbance affect the 
emergence of source local 
populations within ephemeral 
habitats 

How do spatial attributes and 
patch lifespan interact to drive 
the emergence of source local 
populations in ephemeral 
habitats? 

Ephemeral 
habitats in 
agricultural 
landscapes 

Individual-based 
demographic 
model 

Curk et al. 
(2025) 

Advantages and disadvantages 
of using social information for 
carcass detection–A case study 
using white-backed vultures. 

How do different environmental 
conditions influence the use of 
social information in the foraging 
behavior of white-backed 
vultures? 

Savanna 
ecosystem in 
Namibia 

Agent-based 
model 

Elles et al. 
(2025) 

Supporting conservation 
planning in a national 
biodiversity hotspot – Projecting 
species composition across a 
groundwater level gradient using 
a demographic forest model 

Can hydrological restoration via 
raised groundwater levels 
sustain the conservation of key 
floodplain tree species in the 
Leipzig Floodplain Forest? 

Floodplain 
forest in 
Germany 

Demographic 
forest model 
using the Perfect 
Plasticity 
Approximation 

Ewers et al. 
(2024) 

New Insights to be Gained from a 
Virtual Ecosystem 

How can a holistic ecosystem 
model like the Virtual Ecosystem 
enhance our understanding of 
emergent ecosystem properties, 
stability, and resilience under a 
rapidly changing climate? 

Terrestrial 
ecosystems 

process-based 
ecosystem model 

Ferraro et al. 
(2024) 

Predicting land use and 
environmental dynamics in 
Argentina's Pampas region: An 
agent-based modeling approach 
across varied price and climatic 
scenarios 

How do economic determinants 
and climatic scenarios interact to 
shape land use dynamics in 
Argentina’s Pampas region? 

Agricultural 
landscapes in 
Argentina 

Agent-based 
model 

Guisnet et al. 
(2025) 

Global sensitivity analysis of the 
harmonized Lemna model 

Which input factors and their 
interactions most influence the 
response of the Lemna model to 
pesticide exposure under various 
environmental regimes? 

Aquatic 
ecosystems 

Mechanistic 
effect model 

Holtmann et al. 
(2024) 

Assessing the impact of multi-
year droughts on German forests 
in the context of increased tree 
mortality 

How do multi-year droughts 
affect the biomass and 
productivity of German forests? 

Temperate 
forest 
ecosystems 
in Germany 

Individual-based 
forest growth 
model 

Letschert et al. 
(2025) 

Simulating fishery dynamics by 
combining empirical data and 
behavioral theory 

How do complex human 
decision-making processes, 
influenced by behavioral factors 
and economic pressures, shape 
fishery dynamics in the southern 
North Sea under changing 
scenarios? 

Marine 
system in the 
North Sea 

Agent-based 
model and 
behavioral theory 

Mangold-
Döring et al. 
(2024) 

How Relevant Are Temperature 
Corrections of Toxicity 
Parameters in Population 
Models for Environmental Risk 
Assessment of Chemicals? 

How critical is it to incorporate 
temperature corrections in 
dynamic energy budget models 
and toxicokinetic – 
toxicodynamic models to 
improve the realism and 
protective capacity of population 

Freshwater 
system 

Individual-based 
model 
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models used for chemical risk 
assessment? 

Marques et al. 
(2024 

Using individual-based 
demographic modelling to 
estimate the impacts of 
anthropogenic mortality on 
territorial predators 

How does increased 
anthropogenic mortality, 
particularly through 
electrocution, impact the 
population dynamics of 
territorial predators such as 
Bonelli’s eagle? 

Terrestrial 
ecosystems 
in Portugal 

Individual-based 
model 

Muller et al. 
(2024) 

Site-level and spatially-explicit 
modelling provides some 
insights on key factors driving 
seasonal dynamics of an 
intertidal seagrass 

What are the key environmental 
drivers, including hydrodynamic 
forces and light conditions, that 
determine the seasonal 
dynamics and spatial distribution 
of intertidal seagrass meadows? 

seagrass 
meadows in 
France 

coastal 
hydrodynamics 
model and 
machine learning 

Nothaaß and 
Huth (2025) 

Community recomposition 
caused by species extinction in 
the colonization-competition 
trade-off model for vegetation 

How does an abrupt species 
extinction affect equilibrium 
community structure and 
biodiversity within the 
colonization–competition 
framework? 

Grasslands Colonization–
competition 
trade-off 
(metacommunity) 
model 

Ogawa et al. 
(2024) 

Functional Responses in Habitat 
Selection as a Management Tool 
to Evaluate Agri-environment 
Schemes for Farmland Birds 

Do farmland birds exhibit 
functional responses in their 
habitat selection relative to 
changes in the availability 
different land-use types, and 
how does this influence their 
distribution? 

Agricultural 
landscapes in 
Germany 

Hierarchical 
distance sampling 
models combined 
with mixed-
effects and linear 
models 

Peters et al. 
(2025) 

Modelling the dynamics of soil 
moisture and soil water salinity 
in tropical saltmarshes 

How can tidal flooding, rainfall, 
and evapotranspiration be 
modeled to predict soil moisture 
and salinity patterns in tropical 
saltmarshes? 

Tropical 
saltmarsh 

Mechanistic eco-
hydrological 
water balance 
model 

Rammer et al. 
(2024) 

The individual-based forest 
landscape and disturbance 
model iLand: Overview, 
progress, and outlook 

How can an individual-based 
forest landscape model like iLand 
be utilized to simulate forest 
dynamics and disturbance 
impacts under various 
environmental and management 
scenarios? 

Temperate 
forests 

Individual-based 
forest landscape 
model 

Scheiter et al. 
(2024) 

Modeling drought mortality and 
resilience of savannas and 
forests in tropical Asia 

How do drought events influence 
mortality and recovery dynamics 
in tropical Asian savannas and 
forests under climate change? 

Savannas 
and forests 
in tropical 
Asia 

Trait-based 
dynamic global 
vegetation model 

Schorn et al. 
(2025) 

Optimising profits from timber 
harvest and biodiversity 
conservation value in a central 
European beech forest using a 
novel bioeconomic forestry 
model 

How can timber harvesting be 
optimized to maximize economic 
profit while simultaneously 
preserving biodiversity in central 
European beech forests? 

Beech 
forests in 
Germany 

Ecological-
economic 
optimization 
model 

Takolander et 
al. (2025) 

Cross-realm transferability of 
species distribution models–
Species characteristics and 
prevalence matter more than 
modelling methods applied 

Does the transferability of SDMs 
depend more on inherent 
species characteristics and 
prevalence than on the specific 
modelling method used? 

marine 
environment 
and 
freshwater 

species 
distribution 
models 
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lake in 
Finland 

Verbeeck et al. 
(2024) 

Towards a liana plant functional 
type for vegetation models 

What are the essential traits and 
processes that should define a 
liana plant functional type for 
accurate representation in 
vegetation models? 

Tropical 
forests 

vegetation 
modeling with 
plant functional 
types 

Wang et al. 
(2025) 

Modeling Rangelands as 
Complex Adaptive Socio-
Ecological Systems: An Agent-
Based Model of Pyric Herbivory 

How do adaptive management 
strategies regarding grazing and 
fire affect vegetation dynamics, 
forage production, and cattle 
performance in rangelands? 

Semi-arid 
rangelands, 
USA 

Agent-based 
model 

Wimmler and 
Berger (2024) 

How root-grafted trees form 
networks: Modeling network 
dynamics with pyNET 

Which processes and factors are 
critical in determining the 
formation and topology of root 
graft networks in trees? 

Forested 
ecosystems 
(temperate 
forests and 
mangrove 
systems) 

Individual-based 
forest growth 
model 

 161 

We hope that the papers chosen for this Special Issue demonstrate the range of contemporary issues 162 

being addressed through ecological modelling. 163 
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